Introduction
Ozone (O3) is the air pollutant of major concern for vegetation, because of its elevated phytotoxicity and widespread distribution (Paoletti 2007) . Ozone concentrations in the cities are usually lower than in suburban and rural areas, but levels in Mediterranean cities may exceed the criteria for vegetation protection (Paoletti 2009 ). Ozone may induce a number of plant responses -including leaf visible injury, premature leaf senescence, growth reduction, altered water balance, predisposition to other urban stressors like water deficit or pathogen attack -that affect the ornamental value of urban forests. Visible injury usually occurs on leaves as interveinal dark stipples on the upper blade only.
Antioxidant application may protect sensitive plants from ozone injury (Paoletti et al. 2009b) . The most successful synthetic antioxidant is N-[2-(2-oxo-1-imidazolidinyl) ethyl]-N'-phenylurea (ethylenediurea, abbreviated EDU) . EDU is effective in protecting crop and tree species when regularly applied. EDU is rapidly transported in the acropetal direction, probably via the xylem stream, and accumulates in the apoplastic space of the leaves, but for a limited time. EDU in leaves is not transported from them to leaves that have developed since EDU treatment, hence the need for application at 1-3 week intervals to provide continuous protection.
Small-size plants may be treated by foliar spray including a surfactant drop as wetting agent. Based on past observations of foliar ozone-like injury, one hibiscus hedge (Hibiscus syriacus cv. Minerva), with plants known to be ozone-sensitive, was selected on the hills around Turin ("Millerose" Park, Italy) and treated weekly by spraying 300 ppm EDU over one growing season. EDU significantly reduced ozone visible injury (-75%), thus confirming the injury was caused by ambient ozone (Paoletti et al. 2009a) . Seeds were collected and seedlings were exposed to ozone in filtered (no O3) vs. not-filtered (+30 ppb O3) open-top chambers. Visible injury was similar to that occurring under ambient conditions, thus confirming not only that ozone was the cause of injury, but also that the ozone sensitivity was heritable.
The application of EDU to adult ornamental trees is technically difficult. The most successful techniques for trees have been trunk injection, by means of a low-pressure pump, and trunk infusion, by gravitational pressure. Both trunk injection and infusion require making an entry hole in a tree trunk and provision of a reservoir of the chemical. The former method was applied to young Poplar cuttings (Ainsworth et al. 1996 , Ainsworth & Ashmore 1992 , Bortier et al. 2001 . The latter method, where the chemical is taken up by transpiration of the tree, was applied to adult Ash trees in the "Millerose" Park of Turin, Italy (Paoletti et al. 2007a (Paoletti et al. , 2007b (Paoletti et al. , 2008 . The size of these Ash trees was the largest in all EDU experiments on tree species, i.e., 13-17 cm diameter at breast height (16-31 years old). The concentration to provide protection from visible ozone injury was 450 ppm EDU, corresponding to 13-26 mg m -2 leaf, every three weeks. Protection was recoded at all three levels in the crown.
Although EDU was successful in both protecting from ozone visible injury and highlighting some mechanisms of ozone injury, gravitational infusion required at least 12 holes in the trunk, i.e. two holes on the opposite sides of the trunk every 21 days from May to September. Additional holes must be drilled in case of ineffective uptake. Therefore, this technique cannot be recommended for long-term treatments of trees. A preliminary investigation with 6 L of EDU solution (450 ppm) applied as drench in 12 soil holes (5-cm diameter, 10-cm depth) that were evenly distributed around every tree (50-60 cm distance from the tree base) was carried out on the same symptomatic Ash trees and induced a non significant decrease in visible injury during the growing season 2007 (Paoletti et al. 2009b ). This paper show the result of a new soil drench experiment, with the main aim of standardizing an effective EDU dose for the protection of adult trees from ozone visible injury.
Materials and Methods
The experimental site was located at the "Millerose" park in Turin (Italy, 45°4'25" N, 7°43'46' E). Based on past observations (Paoletti et al. 2007a (Paoletti et al. , 2007b (Paoletti et al. , 2008 (Paoletti et al. , 2009b , eight young and six adult ash (Fraxinus excelsior L.) trees showing visible ozone injury in previous years were selected and treated with 450 ppm EDU as soil drench every three weeks. Ooze tubes (engineered watering solutions, Atlanta, Georgia, USA) equipped with drip tubing were put around the base of our trees. Half of the trees were treated with water and half with EDU (100% active ingredient). They were exposed to ambient ozone levels for the growing season 2008. The EDU dose was 260 mg m -2 leaf, i.e., 3.6 times higher than that applied in 2007 (Paoletti et al. 2009b) , when a non significant reduction of symptoms was observed. The total leaf area per tree was estimated on a DBH (Diameter at Breast Height) basis by using the data in Le Goff et al. (2004) . Visible injury was assessed in September on two 1-year-old sun shoot per iForest (2011) 4: 66-68 Keywords: Ethylenediurea, EDU, Tropospheric ozone, Urban forests, Ornamental trees tree, gathered from the lower third of a crown, by counting the number of leaflets showing interveinal stipples and expressed as the percentage of injured leaflets of all leaflets present (LA), and by visually assessing the percent surface injury (according to Innes et al. 2001 ) and expressed as the percentage of injured leaflet surface per symptomatic leaflet surface (AA). A Plant Injury Index (PII) was then calculated as follows (Paoletti et al. 2009a -eqn. 1 
):
After checking for normal distribution, a two-way analysis of variance (tree age class x treatment) was applied on the data, after arcsin transformation of percents.
Results and discussion
Young and adult trees did not show significant differences in visible injury both when treated with EDU and with water (Tab. 1, Fig. 1 ). The application of EDU as soil drench induced a significant decrease in the extent of injured leaf surface area per symptomatic leaf (AA) and in the Plant Injury Index (PII), while the decrease of the percentage of injured leaflets per shoot was not significant. According to previous studies where EDU was applied to trees by stem injection (Ainsworth et al. 1996 , Ainsworth & Ashmore 1992 , Bortier et al. 2001 or trunk infusion (Paoletti et al. 2007b) , EDU protection was not complete, as visible injury was reduced by soil drench but not avoided. On average, the amount of injured leaflets and the severity of injury in injured leaflets were reduced by 55% and 44%, respectively. This level of protection may considerably increase the ornamental value of a tree in an ozone-polluted environment.
In conclusion, soil drench of 450 ppm EDU over the growing season can be successfully used to reduce the extent of ozone injury on the leaves of ornamental trees, provided an optimal dose is set through preliminary ecotoxicology tests. 
